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(54) Rolling guide device and drive system using roiling guide device 



(57) A rolling guide device comprises: a track rail 
fomied with a rolling member rolling surface extending 
along a longitudinal direction thereof; a movable rail 
fonned with a loaded rolling member rolling surface ex- 
tending along a longitudinal direction thereof so as to 
oppose to the rolling member rolling surface of the track 
rail; a track rail side rolling memk>er circulation passage 
fonned to the track rail so as to circulate the rolling mem- 
bers rolling between the track rail and the movable rail; 
a movable rail side roiling member ctrcutation passage 



fomied to the movable rail so as to drculate the rolling 
members rolling between the track rail and the movable 
rail; and a number of rolling members disposed and ar- 
ranged in the track rail side rolling member circulation 
passage and the movable rail side roiling member cir- 
culation passage. A drive system comprises such rolling 
guide device and linear motors having a primary side 
mounted to either one of the track rail and the movable 
rail and a secondary skte mounted to another one of the 
track rail and the movable rail. 



FIG. 1 
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Description 

BACKGROUND OF THE INVEIsmON 

[0001 ] The present invention relates to a rolling guide 
device in which a movable rail is made slldable with re- 
spect to a track rail and also relates to a drive system 
using such rolling guide device. 
[0OO2] As a rolling guide device in which a movable 
rail Is made slidable with respect to a track rail, there 
has been known a slide rail such as shown in FIG. 25 
(see Japanese Utility Model Publk:atk)n No. SHO 
62-8765). Such slide rail comprises a track rail nr\ember 
1 having an opened recess la (i.e. having substantially 
□-shaped (box-shaped) cross section) fomned by both 
inner side surfaces 1 b, 1 b and a bottom surface 1 c and 
a movable rail member 2 whk^h is supported between 
k>oth the inner side surfaces 1 b, 1 b of the track rail mem- 
ber 1 to be movable In the tongltudinal direction thereof. 
The movable rail member 2 also has an opened recess 
2a (i.e. having substantially 3shaped (box-shaped) 
cross section). 

[0003] The track rail member 1 and the movable rail 
member 2 have substantially the same longitudinal 
length. The inner side surfaces 1 b of the track rail mem- 
ber 1 are formed with ball rolling grooves, respecth^ly, 
along which balls roll in the longitudinal direction there- 
of, and outer side surfaces 2b of the movable rail menn- 
ber 2 are also formed with loaded bail rolling grooves, 
respec^ely, so as to extend in the longitudinal direction 
thereof and oppose to the bail rolling grooves fomned to 
the track rail member 1 . 

[0004] A number of balls 3 are arranged and housed 
between these ball rolling grooves and loaded ball roll- 
ing grooves, and these balls 3 are held by a cage 4 to 
be rotatable and slidable. When the movable rail menr>- 
ber 2 is slid with respect to the track rail member 1 in 
the longitudinal direction thereof, these balls 3 roll and, 
hence, the sikie rail becomes smoothly expandable or 
contrac^e. 

[0005] Further, though not shown, there Is also known 
a cam-follower type drawer devk:e of a structure that 
movable and track rails are both provided with wheels 
so that the movable rail is drawn with respect to the track 
rait, as a roiling guide devce in whk^ a movable rail is 
slidable with respect to a track rail. 
[0006] However, in the conventk>nal slkle rail such as 
mentioned above, a number of balls 3 disposed and ar- 
ranged t>etween the track rail member 1 and the mova- 
ble rail member 2 do not completely perfonn the rolling 
motion and will roll with a slight sliding nrK)tk>n. In the 
conventional slide rail, since the t>alls 3 do not circulate 
and only reciprocally move along the k>aded roHing pas- 
sage between the ball rolling grooves and the k>aded 
ball rolling grooves, if the trails 3 are sIkJ, the cage 4 
supporting (t)earing) the t>atls 3 wouki be displacedfrom 
the initial position. As a result, in spite the fact that an 
effective stroke of the rrKyvable rati memtier 2 is not 



achieved, the cage 4 collides with a stopper 5 of the 
track rail member 1 and, hence, such effective stroke 
couki not be obtained. In this case, when it is required 
to slide the movable rait memt)er 2 with the cage 4 col- 
5 tiding with the stopper 5, the movable rait member 2 will 
be slid with the balls 3 being slipped, and accordingly, 
a large force is required to move the movable rail mem- 
ber 2. 

[0007] Furthermore, in the conventional structure of 

10 tiie slide rail, in order to obtain a large stroke of the mov- 
able rail member 2, it is necessary for the movable rail 
member 2 to be once come off from a portion at whfch 
the balls 3 exist and then to be engaged with that porfion 
at which the balls 3 exist. That is. in the case where the 

15 movable rail member 2 is come off from the portion at 
which the balls 3 exist, for example, the movable rail 
member 2 which has been loaded with ten (10) balls 3 
is loaded with, for example, six (6) baits 3, and hence, 
ability for bearing moment load, radial load and thrust 

20 load is deteriorated, thus being inconvenient. 

|P008] Moreover, with the cam-follower type drawer 
device, since the wheels generally have backlash or 
looseness, the movable rail member 2 Is not smoothly 
slid, and furthemiore, since the wheel has a cytindrk:al 

25 structure, a directton along which a load is received is 
detenmlned, and hence, the thrust load cannot be re- 
ceived. 

SUMIMARY OF THE INVENTION 

30 

|P009] An object of the present invention is to sub- 
stantially eliminate defects or drawbacks encountered 
in the prior art mentioned above and to provide a rolling 
guide device capable of taking a large expansion/ con- 

35 traction stroke and sufficiently bearing moment load, ra- 
dial k>ad and thrust load at any expanded (contracted) 
attitude and also provkle a drive system incorporated 
with such rolling gukte device. 
|P010] This and other objects can be achieved ac- 

40 cording to the present invention by providing, in one as- 
pect, a rolling gukle device comprising: 

a track rail formed wrtti a rolling member rolling sur- 
face extending atong a tongltudinal direc^on there- 
45 of; 

a movable rail formed with a loaded rolling member 
rolling surface extending ak^ng a longitudinal direc- 
tion thereof so as to oppose to the rolling mernber 
rolling surface of the XradK rail; 
50 a track rail side rolling member drculation passage 
fonfned to the track rail so as to circulate the rolling 
memt>ers rolling between the track rail and the mov- 
able rail; 

a movable rail side roiling member circulation pas- 
55 sage formed to the movable rail so as to circulate 
the rolling members rolling between the track rail 
and the movable rail; and 
a numt)er of rolling memt>ers disposed and ar- 
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ranged in the track rail side rolling member drcuia- 
tion passage and the movable rail side rolling mem- 
ber circulation passage. 

[001 1] According to the invention of this aspect, when 
the movable rail is slid with respect to the track rail, the 
rolling members arranged between the track rail and the 
movable rail endlessly circulate in the track rail side roll- 
ing nriennber circulation passage and the movable rail 
side rolling member circulation passage while rolling 
thereatong. As menttoned, since the rolling nnembers 
circulate in the endless manner, even if the rolling mem- 
ber slides during the rolling motion, there is no causing 
of a case that a cage is shifted from the initial position 
as in the conventional structure, and hence, a large ex- 
pansion (contraction) stroke Is obtainable. Furthermore, 
in an optional expanded (contracted) attitude, there re- 
mains a considerable distance between the track rait 
side rolling member circulation passage and the mova- 
ble rail side rolling member drcutation passage, so that 
a rolling guide device, which can bear even the nnoment 
load, can be realized. 

[0012] Further, when the movable rail is slid and its 
stroke is made large, the considerable distance con^e- 
sponding to this stroke is made short and capability of 
bearing the moment toad is reduced. However, accord- 
ing to the present invention, the movable rail is not come 
off from the baits, so that the capability of bearing the 
moment load is not extremely reduced. Moreover, since 
the movable rail is not come off from the balls and the 
numt>er of the rolling members supported at an optional 
expansion (contraction) attitude is not changed, differ- 
ent from the conventional slide rait, there can be provid- 
ed a rolling guide devtee bearing the constant radial load 
and thnist load. 

pX)13] In the above aspect, the folbwing preferred 
emt)odiments or exanrples nnay be provided with advan- 
tageous functions and effects thereof. 
PI014] The track rail skie rolling memt>er circulation 
passage is formed to one k>ngitudinal end side of the 
track ran and the movable rail side rolling mennber cir- 
culation passage is f onmed to one longitudinal end side, 
opposing to that one end side of the track rail, of the 
movable rail. 

[0015] Accordingly, the distance between the track 
rail side rolling member drculatk^ passage and the 
movable rsul skie rolling memt)er drculation passage 
can be made large, so that a rolling guide devk» bearing 
the large moment load can be provided. 
[0016] Furthermore, the track rail has an opened re- 
cess having a3 shaped section and has inside surfac- 
es to which the rolling member rolling surfaces are 
fomned, the movable rail is frtted into the recess of the 
track rail, and the nnovable rail has outside surfaces to 
whk:h the loaded rdling member rolling surfaces are 
f onrted so as to oppose to the rolling member rolling sur- 
faces formed to the track rail inskJe surfaces. 
[0017] Thus, various kinds of loads tnduding radial 



load, thrust load and moment load can be supported in 
a balanced condition. 

[0018] The track rail side rolling nnember circulation 
passage is provkled with a rolling member return pas- 

s sage substantially parallel to the rolling member rolling 
surface and a rolling direction changing passage com- 
municating the rolling member rolling surface and the 
rolling member retum passage, the movable rail skJe 
rolling member drculation passage is provided with a 

10 rolling nr)emt>er retum passage sut}Stantiaily parallel to 
the loaded rolling member rolling surface and a rolling 
direction changing passage communk»ting the rolling 
member rolling surface and the rolling member retum 
passage, the rolling direction changing passages of the 

IS track rail side rolling member circulation passage and 
the movable rail side rolling nnember circulation passage 
are formed to a deflector whbh is formed independently 
from a track rail body and a movable rail body, and the 
deflector is fitted to holes formed to the track rail body 

20 and movable rail body from the side portions thereof. 
[0019] According to this embodiment, the rolling di- 
rection changing passages can be easily formed to fine 
long track rail and movable rail. 
[0020] The retum passages are drilled to the track rail 

25 body and the movable rail body from the longitudinal end 
portions thereof. 

[0021 ] According to this embodiment, the retum pas- 
sages can be easily formed to fine long track rail and 
movable rail. 

30 |p022] The deflector is composed of a plurality of sec- 
tions splittable along the rolling direction changing pas- 
sages. 

[0023] Accordingly, the rolling direction changing pas- 
sages having complk:ated structure may be easily 

3S fomrted to the deflector. 

[0024] The defledor is made of a synthetk: resin. 
[0025] Accordingly, the rolling direction changing pas- 
sages having complicated structure may be easily 
fonned to the deflector, and moreover, noise which may 

40 be generated when the rolling nnembers roll in the rolling 
directk>n changing passages will be suppressed. 
[0026] The at>ove mentioned object of the present in- 
vention can be also achieved by provkling, in another 
aspect, a drive system comprising: 

45 

a track rail formed with a rolling nnember rolling sur- 
face extending atong a tongitudinal direction there- 
of; 

a movable rail formed with a loaded rolling member 
50 rolling surface extending along a longitudinal direc- 
tion thereof so as to oppose to the rolling member 
rolling surface of the track rail; 
a track rail side rolling mefr^>er drculation passage 
formed to the track rail so as to drculate the rolling 
55 nnembers rolling between the track rail and the nnov- 
abteraO; 

a movable rail skie rolling nriember drculation pas- 
sage formed to the movable rail so as to drculate 
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the rolling members rolling between the track rail 
and the movable rail; 

a number of rolling members disposed and ar- 
ranged in the track rail side rolling member circula- 
tion passage and the movable rail side rolling mem- s 
ber circulation passage; and 
a linear motor means having a primary side mount- 
ed to either one of the track rail and the movable 
rail and a secondary side mounted to another one 
of the track rail and the movable rail. 10 

[0027] According to the present invention of this as- 
pect, the expansk)n (contraction) stroke can be made 
large and the nrtoment load, the radial load and the thrust 
load can be sufficiently supported at an optional attitude is 
of the system. Furthermore, since the linear motors are 
incorporated between the track rail and the movable rail, 
the use of the ball screw or like can be eliminated, thus 
moving the movable rail at high speed with less noise. 
Moreover, since it is not necessary to provkie a space 20 
for a rotary motor, the drive system can be made thin 
and compact. 

[0028] Accordi ng to preferred embodiments or exam- 
ples of this aspect, the following advantageous func- 
tions and effects nrmy be attained. 25 
pi029] The track rail side rolling member circulation 
passage Is fomned to one longitudinal end side of the 
track rail and the movable rail side rolling member dr- 
cutation passage is fornied to one longitudinal end side, 
opposing to that one end side of the track rail, o.f the 30 
movable rail, and the linear motor means comprises first 
and second linear motors, the first linear motor having 
a primary side mounted to a portion near the track rail 
side rolling member circulation passage of the track rail, 
the second linear motor having a secondary side mount- 3s 
ed to the track rail along the longitudinal directk>n there- 
of so as to be continuous to the primary side of the first 
linear motor, and the second linear motor having a pri- 
mary side mounted to a portk>n near the nravable rail 
skie rolling member circulatk>n passage of the nravable ^ 
rail, the first linear motor having a secondary side 
mounted to the movable rail atong the longitudinal di- 
rectk)n thereof so as to be continuous to the primary side 
of the second linear motor 

[0030] According to this embodiment, since two sets 45 
<^ linear motors are incorporated in the drive system, 
the thrust force can be made two times (twrce), and the 
excitation is averaged to thereby make smooth the 
movement of the movable rail. Furthermore, the first lin- 
ear motor has a primary side mounted to a portk>n near so 
the track rail skie rolling member drculatton passage of 
the track rail and the second linear motor has a primary 
skie mounted to a portk>n near the movable rail skie roll- 
ing member drculation passage of the movable rail, so 
that the thrust force can be generated at substantiafly ss 
the same positions of the nnovable side rolling member 
drculatk>n passage and the track rail skie rolling nrtem- 
ber drculation passage, regardless of the stroke of the 



movable rail. Therefore, even if pitching or yawing mo- 
ment is applied to the movable rail, the thmst force can 
be stably applied to the movable rail. 
[0031] The first and second linear motors may be 
composed of linear induction motors or linear pulse mo- 
tors such that the secondary sides thereof are opposed 
to each other. 

[0032] For example, in a case where linear D.C. mo- 
tors are used, two sets of linear motors are disposed in 
back-to-back arrangement and a distance between the 
secondary side magnets Is short, an alternating mag- 
netic field may be generated between the magnets. 
However, according to this embodiment of the present 
invention, since the linear inductk)n motors or linear 
putse motors are used without using the magnets, there 
Is nofearof causing any alternating magnetic filed. How- 
ever, a linear D.C. motor may be utilized as far as a rel- 
atively large distance between the secondary sides of 
the linear D.C. motors can be taken so as not to influ- 
ence from each other. 

|P033] The nature and further characteristk^ features 
of the present invention may be made dear from the fol- 
lowing descriptions made with reference to the accom- 
panying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0034] In the accompanying drawings: 

FIG. 1 is a perspective view of a rolling guide devk:e 
according to one embodiment of the present inven- 
tion; 

FIG. 2 is a transverse sectional view of the rolling 
guide device of FIG. 1 , pariially cut away, in the lon- 
gitudinal direction thereof; 
FIG. 3 is a sectional view in a direction nomnal to 
the axis of the rolling guide device; 
FIG. 4 is a perspective view showing a ball screw 
to be Incorporated In the rolling gukie device of FIG. 
1; 

FIG. 5 Is a perspective view showing one example 
of a deflector to be assembled with the rolling gukie 
devk»; 

FIG. 6 is a perspective view showing another exam- 
ple of the deflector; 

FIG. 7 is a perspective view of a drive system using 
the roiling guide devk:e of FIG. 1 ; 
FIG. 8 is an illustration showing a state that a load 
is applied to a front end portion of the rolling gukie 
devk:eof FIG. 1; 

FIG. 9 is an illustration of a further emt)odiment of 
the rolling guide devk:e and includes FIG. 9A show- 
ing a two-stage type rolling guide devk:e and FIG. 
9B showing a three-stage type rolling gukie devkse; 
RG. 1 0 is a perspective view of a drive system, ac- 
coRfing to another embodiment of the present in- 
vention, incorporated with a Uner motor; 
RG. 11 is a transverse sectional view of the drive 
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system of FIG. 10, partially cut away, In the longitu- 
dinal direction thereof; 

FIG. 12 is a sectional view talcen along the line XII- 
XM in FIG. 10; 

FIG. 1 3 is a sectional view talcen along the line Xill- 5 
XIII in FIG. 10; 

FIG. 14 is an illustration showing an exannple in 
which two set of linear motors are disposed in back- 
to-back anBngement; 

FIG. 15 is a perspective view showing a linear in- io 
duction motor; 

FIG. 16 is a vertk»l sectional view of a liner pulse 
motor in a tongitudinal direction thereof; 
FIGs. 17A to 17D show operation principle of the 
liner pulse motor; 

FIG. 1 8 Is a perspective view of a linear D.C. motor; 
FIG. 19 is a perspec^e view showing a drive sys- 
tem according to a further ennbodiment of the 
present Invention; 

FIG. 20 is a sectional view of a rolling guide device 20 
formed with lateral two rows of rolling nnember (ball) 
rolling grooves; 

FIG. 21 is a view showing a contacting state of a 
ball to a bail rolling groove and a loaded ball roiling 
groove (drcular-aic groove); 2s 
FIG. 22 is a view showing a contacting state of a 
ball to a ball rolling groove and a loaded ball rolling 
groove (Gothic-arch groove); 
FIG. 23 is a sectional view of one example of a roll- 
ing guide device using rollers as rolling memt>ers; 30 
FIG. 24 is a sectional view of another example of a 
rolling guide device using rollers as rolling mem- 
bers; and 

FIG. 25 is a perspective view showing a slide rail 
having a conventional structure. 35 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0035] FIGs. 1 to 3 represent a first embodiment of a 40 
rolling gukie devfee according to the present invention. 
[0036] With reference to FIGs. 1 to 3, a rolling guide 
device comprises an outer rail 7 as a track rail, an inner 
rail 8. as a movable rail, supported by the outer rail 7 to 
be slidable in the longitudinal direction thereof and a ball ^ 
screw 9 driving the inner rail 8. When a screw shaft 10 
of the ball screw 9 is rotated, the inner rail 8 is slid with 
respect to the outer rail 7. Such rolling gukie devk» will 
be utilized for a welding servo-gan, fork-lift or like usable 
in a stockroom, for example. In a case where the rolling so 
guide devk» is utilized for the welding servo-gEm, a 
wekJing rod is attached to the inner rail 8 and, then, the 
inner rail 8 is slid so as to press the weMing rod against 
an object to be welded. On the other hand, in a case 
where the rolling guide devk» is utilized for the fork-lift, ss 
an inner rail 8 having a front fork member is sIkJ and the 
fork-lift is then moved whOe supporting a cargo by the 
projected fork memk)er. It is of course to be noted that 



the illustrated rolling guide device is not limited In its use 
to tiie welding servo-gan and the fork-lift and can be ap- 
plied for various usages as far as expansion/contraction 
stroke is required and a load is supported. 
[0037] The outer rail 7 has a recess 7a having an up- 
per opening, in an illustrated state, so as to provide sub- 
stantially a H-shaped (box-shaped) section having an 
upper opening. That is, the recess 7a is defined by a 
bottom portion and a lateral pair of ridges 7b, 7b extend- 
ing in parallel to each other at both longitudinal side por- 
tions of the bottom portion. Each of the ridges 7b has 
an inskie surface 7c to which one row of ball rolling 
groove 11 is formed as a roiling member rolling surface 
extending in the longitudinal direction thereof. An outer 
rail side ball circulation passage 14 for circulating balls 
13, as rolling members, rolling between the inner rail 8 
and the outer rail 7 is fomned to one longitudinal skJe 
end portion of the outer rail 7. 
[0038] The Inner rail 8 is fitted to the recess 7a of the 
outer rail 7 and supported thereby through balls 12, 13 
so as to be damped between the ridges 7b, 7b of the 
outer rail 7. The inner rail 8 has a recess 8a having a 
lower opening, in an installed state, so as to provide sub- 
stantially a D-shape section having a lower opening, 
thus easily forming a space into which the screw shaft 
10 is moved. 

[0039] In the fitted state of the inner and outer rails 8 
and 7, the inskle surfaces 7c, 7c of the outer rail 7 face 
the outside surfaces 8c, 8c of the inner rail 8, respec- 
tively, so that the bail rolling grooves 11 formed to the 
inside surfaces 7c, 7c of the outer rail 7 oppose to the 
loaded baW rolling grooves 1 5 formed to the outside sur- 
faces 8c, 8c of the inner rail 8. Inner rail side ball circu- 
lation passages 16 are formed to one longitudinal end 
side of the inner rail 8 opposing to the outer rail side bail 
circulation passages 14 so as to circulate the balls 12 
rolling between the outer and inner rails 7 and 8. That 
is, in the structure in whk^ the inner rail 8 projects from 
(extends over) the outer rail 7, the outer rail side ba\\ 
drculation passages 14 on the exit side end of the outer 
rail 7 and the inner rail side k>all drculation passages 16 
are formed to the rear side end of the inner rail 8. This 
will be explained through a manufacturing processes. 
The outer rail side ball drculation passages 14 are 
fonned to one end side of the outer rail 7 and the inner 
rail skle ball drculation passages 1 6 are formed to one 
end skle of the inner rail 8, and thereafter, the inner and 
outer rails 8 and 7 are assenr^bled (fitted) from the direc- 
tion in whch both the drculation passages 14 and 16 
do not interfere. 

[0040] As shown in FIG. 2, each of the outer rail side 
t>all drculation passages 14 is composed of a portion of 
the ball roiling groove 11, a ball return passage A as a 
rolling member return passage substantially parallel to 
the ball rolling groove 11 and a pair of rolling member 
rolling direction changbig passages B communfcating 
with the ball rolling groove 11 and the ball r^m pas- 
sage A. On the (^er hand, each of the inner rail skie 
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bait circulation passage 1 6 is also composed of a portion 
of the loaded ball rolling groove 1 5, a ball return passage 
A as a rolling member return passage substantially par- 
allel to the ball rolling groove 15 and a pair of rolling 
member rolling direction changing passages B commu- 
nicating with the loaded ball rolling groove 15 and the 
ball return passage A. The ball retum passage A Is 
formed through a drilling working effected along the Ion* 
gitudinal direction from the end portions of an outer rail 
body 7d and an inner rail body 8d. The rolling direction 
changing passages B fomned to the outer and inner ball 
circulation passages 1 4 and 1 6 are f onmed to deflectors 
19 formed independently from the inner and outer rail 
t>odies 8d and 7d. The details of such deflector 19 will 
be descrflsed hereinlater. 

[0041 ] The ball screw 9 is engaged with the inner rail 
8 so that the ball screw 9 is arranged in the recess 8a 
of the inner rail 6. 

[0042] With referenceto FIG. 4 showing the ball screw 
9, the ball screw 9 comprises the screw shaft 10, a nut 
member 22 assembled to the screw shaft 10 to be rel- 
atively movable and a number of balls 23 disposed in 
the ball drculation passage. The screw shaft 10 has an 
outer peripheral surface on which a spiral rolling mem- 
ber rolling groove 1 0a is f onmed, the nut member 22 has 
an inner peripheral surface to which is formed a ball cir- 
culation passage Including a spiral loaded rolling menn- 
ber rolling groove 22a opposing to the ball rolling 
groove, and the number of balls 23 are arranged in the 
ball circulation passage so as to circulate therein in as- 
sociation with the relative nrKyvement of the nut member 
22 with respect to ttie screw shaft 1 0. The nut member 
22 has a flanged portion 24 fonned at its one end side 
and is secured to the inner rail 8 by means of screws or 
like. The nut member 22 is also provided with a deflector 
25 (direction changing passage forming member) for 
taking out the ball 23 rolling along the ball rolling groove 
1 0a f onmed to the screw shaft 1 0 at one portion thereof 
and retuming tiie ball 23 to the other portion (one-lead 
on this side from the ball taken out portion) of the ball 
rolling groove 1 0a over an outer large diameter portion 
of the screw shaft 1 0. The screw shaft 1 0 is operatively 
coupled with an output (drive) shaft of a motor, men- 
tioned hereinlater. 

[0043] When the screw shaft 1 0 is rotated, the ball 23 
rolling in the circumferential direction of the screw shaft 
under load is scooped up by the deflector 25 and the 
scooped ball 23 is then retumed to the position, one- 
lead on this side of the ball rolling groove 1 0a. When the 
screw shaft 10 is rotated in the reverse direc^on, the 
balls 23 are circulated along the route reverse to that 
mentioned above. Further, in the described embodi- 
ment, although the balls 23 are scooped up by using the 
direction changing passage forming memt>er (deflector) 
25 and retumed to the position, one-lead on this side of 
the ball rolling groove 1 0a, a r^m pipe may be substi- 
tuted for such d^ector 25. That is, according to the 
structure using the r^m pipe, the baHH 23 rolling along 



the ball rolling groove 10a of the screw shaft 10 is 
scooped up by one end of the retum pipe and is then 
retumed through the other one end thereof. Further- 
more, so-called a side-cover (lid) type ball screw may 

s be adapted, in which the nut member 22 is composed 
of a nut body formed with a loaded rolling groove and 
side lids applied to both ends of this nut body, a ball re- 
tum passage is formed to tiie nut body, and both the 
side lids are fonmed with communication passages com- 

10 municated witii the loaded rolling groove and the retum 
passage, respectively. An arrangement utilizing rollers 
in place of balls may be also applicable to the present 
invention. 

[0044] FIG. 5 shows the details of the deflector 19, 

IS which is utilized commonly for the inner rail side ball cir- 
culation passage 16 and the outer rail side ball circula- 
tion passage 14. With reference to the deflector 19 of 
FIG. 5, the deflector 19 is formed with rolling direc^on 
changing passage 26 in a semi-circular shape, and the 

20 deflector is composed of two bodies 1 9a and 1 9b dhrid- 
ed along the rolling direction changing passage 26 for 
the sake of easy formation of this passage 26. That is, 
these two body sections 19a and 19b are divided verti- 
cally, as viewed, through a plane including a central line 

25 of the rolling direction changing passage 26. Both the 
body sections 19a and 19b are positioned through the 
engagement of dowels 27 and holes 28 fonmed to the 
body sections 19a and 1 9b. The deflector 19 is further 
formed with a stepped abutment portion 29 for the pur- 

30 pose of positioning it to the Inner rail side ball circulation 
passage 16 and the outer rail side ball circulation pas- 
sage 14. The deflector 19 of the struc^re mentioned 
above will be fonmed from synthetic resin, for example, 
through an injection fonmation process. 

35 |p045] FIG. 6 shows another example of the deflector 
30. This deflector 30 is also composed of two divided 
body sections 30a and 30b separated along the rolling 
directk>n changing passage 26 for the easy formation 
thereof as nnentioned before, in this example, however, 

40 the roll ing direction changing passage 26 is divided into 
two sectk)ns as inner peripheral side section and outer 
peripheral side section. This deflector 30 is also formed 
with a stepped abutment portion 31 . 
[0046] With reference to FIGs. 2 and 3, the outer rail 

45 body 7d is drilled from the side thereof to fonm holes 33 
by means of end mill, for example, and the deflectors 
19 are fitted to these holes 33. The fitted deflectors 19 
is secured to the outer rail body 7d by fastening means 
32 such as binder members. The holes 33 are fonmed 

50 so as to penetrate the ball retum passages A and extend 
ball rolling grooves 11 or ball rolling grooves 15 and 
formed inside with stepped portions 33a abutting 
against the abutment portions 29 of the deflectors 19. 
When fitting the deflector 1 9, the outer periphery of the 

55 deflector 19 is fitted to the hole 33 and the abutment 
portion 29 erf the deflector 1 9 abuts against the stepped 
portion 33a of the hole 33, thus positioning the deflector 
1 9 with respect to the outer rail body 7d or inner rail body 
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8d. 

[0047] Through such positioning of the deflector 19, 
the balls 12 and 13 can be surely scooped from the ball 
rolling groove 11 or loaded ball rolling groove 15 and 
then returned to the ball return passage A. 
[0048] On the other hand, other holes 33 are fonned 
to the inner rail body 8d fronn the side thereof by means 
of end mill, for example, and the deflectors 19 are fitted 
to these holes 33. Furthemnore, in the described embod* 
iment, although the holes 33 are formed to the outer rail 
body 7d from the outside thereof and fonmed to the Inner 
rail body 8d from the inside thereof, the holes 33 may 
be fomied to the outer rail body 7d from the inside there- 
of and formed to the inner rail body 8d from the outside 
thereof. 

[0049] FIG. 7 shows one preferred example of a drive 
system according to the present invention, which uses 
the roiling guide device mentioned above and is assem- 
bled with a rotation motor. 

[0050] The screw shaft 10 is screwed with the nut 
member 22 and has one end rotalably supported by a 
bearing 35 disposed at one end portion of the outer rail 
7 and coupled to a motor, not shown, through a joint 
member 36. According to this structure, when the motor 
is driven, the screw shaft 1 0 is rotated and the rotational 
motion thereof is transferred to the inner rail 8 through 
the ball screw to thereby iinearfy move the inner rail 8 
along the outer rail 7. According to this linear motion of 
the inner rail 8 along the outer rail 7, the rolling guide 
device is expanded or contracted, and the balls 12 and 
13 circulate In an endless manner in the inner rail side 
ball circulation passage 16 and the outer rail side ba\\ 
circulation passage 14 while rolling therealong. Since 
the balls 12 and 13 endlessly circulate, even if the balls 
12 and 13 be slid during the rolling motion, there is no 
fear of t>eing shifted from the original position as in a 
conventional slide rail, and a rolling guide device having 
a large expansion stroke can be realized, in which the 
inner rail 8 can be smoothly moved. 
[0051] FIG. 8 is an illustration showing a state that a 
load P is applied to the front end of the inner rail 8 of the 
rolling guide device. In an optional expanded or con- 
tracted state, since a considerable distance 1 exists be- 
tween the outer rail side ball drculation passage 14 and 
the inner rail side ball drculation passage 1 6, there can 
be provided a rolfing guide device bearing the moment 
load. For example, when the loadPisappliedto the front 
end portion of the inner rail 8, a reaction force Ro acts 
on the outer rail side t>all drculation passage 1 4 and a 
reaction force Ri ads on the Inner rail side ball drcula- 
tion passage 1 6, thus bearing the monrtent load of (Ri x 
1). When the inner rail 8 slides and the stroke of the 
rolling guide device is made large, the above-mentioned 
distance 1 is gradually reduced and an ^Trty for k>ading 
this moment toad is also reduced. However, even if the 
inner rail 8 is sikl. the inner rail 8 never come off as in 
the conventional slide rail from the trails, so that the mo- 
ment k>ad bearing ability cannot be largely reduced. Fur- 



thenfnore, the movable rail is not come off from tiie ball 
as in the conventional slide mil and the number of balls 
bom in the optional expanded or contraded attitude 
does not change, so that a rolling guide device capable 
5 of bearing constant radial load and thrust load can be 
realized. 

[0052] Furthermore, as mentioned above, the outer 
rail 7 has a recess 7a having an upper opened portion 
has a box-shaped section and the ball rolling grooves 

10 11 are fonned to the inside surfaces 7c, respectively. 
The inner rail 8 is fitted into the recess 7a of the outer 
rail 7 and the loaded ball rolling grooves 15 are formed 
to the outside surfaces 8c of the inner rail 8 so as to 
oppose to the inside surfaces 7c of the outer rail 7. Ac- 

is cordingly, there is provided the rolling guide device ca- 
pable of bearing the radial load, the thrust load and the 
moment load in a balanced condition. 
[0053] FIG. 9 includes perspedive views of the rolling 
guide device according to another embodiment of the 

20 present invention. Referring to FIG. 9A, the device is 
provided with inner and outer rails 8 and 7, constituting 
a single-stroke structure in which only the inner rail 8 is 
slid. Further, as shown in FIG. 9B, the rolling guide de- 
vk:e may be composed of three rail sections comprising 

25 the outer rail 7, a first inner rail 41 fitted to the outer rail 
7 and a second inner rail 42 fitted to the first inner rail 
41 . In this structure, the first inner rail 41 is slid with re- 
sped to the outer rail 8 and the second inner rail 42 is 
slid with resped to the first inner rail 41 . That is, the first 

30 inner rail 41 acts like the inner rail 8 of the aforemen- 
tioned embodiment with resped to the outer rail 7 and 
also ads like the outer rail 7 of the aforementioned em- 
bodiment with respect to the second Inner rail 42. The 
second inner rail 42 has a structure identical to that of 

35 the inner rail 8. According to this rolling guide devtee of 
ttie embodiment of FIG. 9B, since the first inner rail 41 
is slid with double strokes, the expansion stroke can be 
made further long. As mentioned above, when the roll- 
ing guide devk» is composed of a plurality of members 

^ (rail memt)ers), the expansion stroke composed of a plu- 
rality of expansion stages can t>e realized, thus provid- 
ing a rolling gukle devk:e having a large stroke. 
[0054] In the embodiment described above, although 
the inner rail side ball circulation passage 1 6 and the 

^ outer rail skJe ball drculation passage 1 4 are formed to 
the inner rail 8 and the outer rail 7, respectively, these 
passages may be formed as block members independ- 
ently from the inner and outer rails 8 and 7. Furthermore, 
although the inner rail 8 and the outer rail 7 are fonmed 

so as linear (straight) rail members, a cun^ed rail memfc>er 
may be utilized therefor. The balls may be also sut)sti- 
tuted with other rolling members such as rollers. Retain- 
ers each having a belt shape having flexibility may be 
arranged for supporting the balls 12 and 13 to t>e rotat- 

S5 able, and spacers may be also arranged between the 
balls 12 and 13 for supporting them to be rotatable and 
sikteble. 

[D055] FIGs. 10 and 11 represent a drive system, us- 
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ing a linear motor as drive source, according to one enrv 
bodinnent of the present invention. 
[0056] This drive system comprises an outer rait 7 as 
a track rati, an inner rail 8 as a movable rail supported 
by the outer rail 8 to be linearly slidable along the longi- 
tudinal direction thereof and first and second linear mo- 
tors 51 and 52 disposed between the Inner and outer 
rails 8 and 7 to be back-to-back anrangement. The outer 
rail 7 is provided with a primary side movable piece 
(called merely movable piece i hereinlater) of the first 
linear motor 51 and a secondary side stationary piece 
(called merely statk>nary piece O' hereinlater) of the 
second linear motor 52. On the other hand, the inner rail 
8 is provided with a secondary side movable piece 
(called merely movable piece i* hereinlater) of the sec- 
ond linear motor 52 and a primary side stationary piece 
(called merely stattonary piece O hereinlater) of the first 
linear motor 51 . According to this structure, when ener- 
gized, suction (attracting) forces are induced between 
the movable piece i and the statk>nary piece O and be- 
tween the movable piece i' and the stationary piece O'. 
[0057] As tike as the rolling guide device mentioned 
above, the outer rail 7 is formed with a recess 7a having 
a box-shaped section with an upper opening and also 
fornied with a lateral pair of ridges 7b, 7b extending on 
both the skies of the recess 7a In parallel to each other 
along the k>ngitudinal direction of the outer rail 7. Each 
of the ridges 7b, 7b has an inside surfaces 7c, to which 
a single row of ball rolling groove 11 as a rolling nnember 
rolling surface is fomned so as to extend along the lon- 
gitudinal direction thereof as shown In FIG. 11 . An outer 
rail side ball circulation passage 14 for circulating the 
balls 13 rolling between the Inner and outer rails 8 and 
7 is fomied to one (front) end side portton of the outer 
rait 7. 

[0058] The inner rait 8 is fitted to the recess 7a of the 
outer rail 7 and supported thereby so as to be clamped 
between the ridges 7b of the outer rail 7 through the balls 
12 and 13. The inner rail 8 is also fomied with a recess 
8a having an opening opened downward so as to pro- 
vkie a box-shaped section. The inner rail 7 has outside 
surfaces 8c to whk:h loaded bait rolling grooves 15 are 
fomied as k>aded rolling member rotting surfaces whteh 
face the t>all rDlling grooves 11 of the outer rail 7. An 
inner rail side ball drculation passage 16 for circulating 
the balls 12 rolling between the inner and outer rails 8 
and 7 is fomned to one (rear) end side portion of the outer 
rail 7 in the longitudinal directk>n thereof. 
[0059] As shown in FIG. 1 1 . the outer rail side ball cir- 
culation passage 1 4 is conr^osed of a portion of the t>al} 
rolling groove 11 , a tmlt return passage A as a rolling 
member r^m passage lending substantially in par- 
allel to the t:>an rdiing groove 11 and a |Mur of rolling di- 
rection changing passages B communk:ated with the 
t>all rolling groove 1 1 and the ball return passage A. On 
the other hand, the Inner rail skle ball drculation i;>as- 
sage 1 6 is also corrtposed of a portton of the loaded ball 
rolling groove 15, a baD return passage A as a rolling 



member retum passage extending substantially in par- 
allel to the loaded ball rolling groove 15 and a p£ur of 
rolling diredk>n changing passages B communicated 
with the loaded ball rolling groove 15 and the ball retum 

5 passage A. The ball retum passages A are formed 
through drilling working effected from the end portbns 
of the outer rail body 7d and the inner rail body 8d In 
their longitudinal directions. The rolling direction chang- 
ing passages B of the outer rail side ball circulation pas- 

10 sage 14 and the inner rail side ball circulation passage 
1 6 are fomned to a deflector 1 9 which is mounted to the 
inner rail tx)dy 8d and the outer rail body 7d as inde- 
pendent member. 

[0060] Holes 33 are formed to the outer rail body 7d 

IS by nrreans of end mill, for example, from the longitudinal 
sides thereof, and the deflector 1 9 is fitted to these holes 
33 and then fastened to the outer rail body 7d. Holes 33 
are also formed to the inner rail body 8d by means of 
end mill, for example, from the longitudinal sides there- 

20 of, and the deflector 19 is fitted to these holes 33 and 
then fastened to the inner rail body 8d. Since these de- 
flectors have sut>stantialty the same structures as that 
mentk>ned herein before with reference to the rolling 
guide devk:e, the details thereof are omitted herein by 

25 adding the sanie reference numeral of 1 9. 

IP061 ] Two linear motors 51 and 52 are interposed be- 
tween the inner rail 8 and the outer rail 7, and the linear 
motors 51 and 52 In this emtM>dlment are linear Induc- 
tion motors and composed of the movable pieces 1 and 

30 Y and the stationary pieces O and O', the induction mo- 
tors being driven and operated by passing polyphase 
alternating current to primary windings of the movable 
pieces i and i*. 

[0062] With reference to FIG. 1 0, the movable piece 

35 I of the first linear motor 51 is mounted to a portion near 
one end (front end) in the longitudinal direction of the 
upper surface of the outer rail 7, and the stationary piece 
O^ of the second linear motor 52 is also mounted to the 
upper surface of the outer rail 7 so as to be continuous 

^ to the nrK>vable piece i of the first linear motor 51 in the 
longitudinal directk>n of the outer rail 7. On the other 
hand, the movable piece f of the second linear motor 52 
is mounted to a portbn near one end (rear end) in the 
longitudinal dlrectk>n of the lower surface of the inner 

^ rail 8, and the statk>nary piece O of the first linear motor 
51 is also nnounted to the tower surface of the inner rail 
8 so as to be continuous to the movable piece f of the 
second linear motor 52 in the longitudinal directk>n of 
the inner rail 8. In such arrangement, the movable piece 

50 i of the first linear motor 51 and the outer rail side ball 
circulation passage 14 have sulsstantiatly the same po- 
sittons in the tongitudinal direction of the outer rail 7, and 
on the other hand, the riKyvable piece i* of the second 
linear motor 52 arKi the inner rail skje bail circulation 

55 passage 16 have substantially the same positions in the 
kmgitudinal cfirectton of ttie inner rail 8. Further, it is to 
be noted that the temis "upper", "lower' and the like are 
used herein m the illustrated state in thef^ures orusa- 
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ble state of the device or system. 

[0063] Asshownin FIG. 12, the movable piece i of the 

first linear motor 51 is opposed to the stationary piece 

0 of the first linear motor 51 , and as shown in FIG. 13, 
the movable piece i' of the second linear motor 52 is 
opposed to the stationary piece O' of the second linear 
motor 52 so that the first and second linear motors 51 
and 52 are disposed in the back-to-back arrangement 
as shown in FIG. 14. 

[0064] FIG. 15showsalinearinductionmotor53con- 
stituting one example of the first and second linear mo- 
tors 51 and 52. The linear induction motor 53 Is provided 
with the movable piece i and the stationary piece O 
whk^h is composed of a non-magnetk: conductor plate 
54 and a nnagnetk: conductor plate 55 by laminating 
them vertk:alty as viewed. This linear induc^on motor 53 
is driven in a manner basically identical to that of a cage 
(rotary type) induction motor having an operational func- 
tion explained by the Lenz's law and the Remlng's left- 
hand rule. 

[0065] When the polyphase alternating cun^ent pass- 
es the polyphase primary winding 56, a traveling (pro- 
gressive) magnetk: field moving timely and spacially is 
generated, and this traveling field induces an eddy cur- 
rent on the non-magnetic conductor plate 54 constitut- 
ing the secondary side element. The thus generated ed- 
dy current constitutes a thrust generation source in co- 
operation with the traveling field. Further, in the illustrat- 
ed example of FIG. 15, the movable piece 1 is disposed 
only to the upper portion of the stationary piece O, but 
the movable pieces i may be disposed to both the upper 
and lower portions thereof. 

[0066] FIG. 1 6 shows a linear pulse motor 57 as an- 
other example of the linear motor 51 (52). 
[0067] With reference to FIG. 16, the movable piece 

1 is, for example, composed of a central penmanent mag- 
net 58 and two magnetic core members 59 and 60 op- 
posed to each other with the permarient nnagnet 58 be- 
ing interposed therebetween. One 59 of the magnetk: 
cores is formed with first and second magnetk; poles 61 
and 62 magnetized in N-pole by the permanent m^et 
58 and, on the contrary, the other one 60 of the magnetk: 
cores is fonmed with third and fourth magnetic poles 63 
and 64 magnetized in S-pole by the permanent magnet 
58. 

[0068] On the other hand, the stationary piece O is 
fonned with stationary teeth 65, each having, a -shaped 
section, extending in a direction normal to the longitud'h 
naf direction of the stationary piece O equally with the 
same pitch. The magnetb poles 61 to 64 are formed with 
magnetic pole teeth 61 a to 64a, respectively, each hav- 
ing the same pitch as that of the stationary piece O. 
[0069] A first coil 66 and a second coil 67 are wound 
up around the first magnetic pole 61 and the second 
magnetic pole 62 of the N-pole side and connected in 
series to each other so as to generate magn^c fluxes 
opposed to each other in directions at a time when cur- 
rent ftows. The first coil 66 and the second coil 67 are 



electrically connected to a pulse generation source, not 
shown. 

[0070] On the other hand, a third coil 68 and a fourth 
coil 69 are also wound up around the third magnetic pole 

5 63 and the fourth magnetic pole 64 of the S-pole side 
and connected to a pulse generation source. 
|P071] In the described arrangement, the first and 
second magnetic poles 61 and 62 are arranged so that 
the magnetb pole teeth 61 a and 62a thereof are shifted 

10 from each other by 1/2 pitch in their phases, and the 
third and fourth magnetk: poles 63 and 64 are also ar- 
ranged so that the magnetic pole teeth 63a and 64a 
thereof are shifted from each other by 1/2 pitch in their 
phases. Furthermore, the magnetic pole teeth 63a and 

IS 64a of tiie third and fourth nnagnetic poles 63 and 64 of 
the S-pole side are shifted, by 1/4 pitch in phases, from 
the f irst and second magnetic pole teeth 61 a and 62a of 
the first and second magnate poles 61 and 62 of the N- 
pole side. 

20 ' [0072] The linear pulse motor is driven by the foltow- 
ing operation theory with reference to FIGs. 1 7A to 1 70. 
[0073] Pulses are inputted to the first and second coils 
66 and 67 from terminals a, and pulses are also inputted 
to the third and fourth coils 68 and 69 from terminals b. 

25 That is, the pulses are inputted to the terminal a In a 
direction to energize the first magnetic pole 61 in the 
state shown in FIG. 17A, to the terminal b in a directton 
to energize the fourth magnetic pole 64 in the state 
shown in FIG. 17B, to the terminal a in a direction to 

30 energize the second magnetic pole 62 in the state 
shown in FIG. 1 70, and to the tenminal b in a direction 
to energize the third magnefic pole 63 in the state shown 
in FIG. 170, respectively. 

[0074] When the pulse is Inputted to the terminal a in 

35 a direction to energize the first magnetk: pole 61 in the 
state shown In FIG. 17A, the first magnetic pole 61 main- 
tains its stable state under the applteation of the mag- 
netic fluxes of the permanent magnet 58 and the first 
coil 66. Next, in the state shown in FIG. 17B, when the 

40 pulse is inputted to the terminal b in a directk>n to ener- 
gize the fourth magnetic pole 64, the fourth magnetic 
pole 64 is moved to a direction so as to maintain its sta- 
ble state, that is, in the right direction fadng the drawing 
paper by 1/4 pitch. As mentioned above, the movable 

45 piece is operated continuously as shown in FIGs. 170 
and 1 70 by passing alternately the pulse current 
[0075] FIG. 18 represents a linear D.C. motor 70 as 
another example of the linear motor. 
[0076] Wrth reference to FIG. 1 8, a movable piece of 

50 this example Is composed of exciting coils 71 and yokes, 
and a stationary piece O is composed of nnagnets 72 
and yokes. A plurality of exciting coils 71 constituting 
the movable piece I are arranged along the longitudinal 
directum thereof, and a plurality of magnets 72 consti- 

5S tuting the stationary piece O are arranged ak>ng the k>n- 
gitudlnal direction so as to provide alternately N- and S- 
poles. 

[0077] The position of the nnovable piece i is detected 
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by a sensor, and the direction of the cunnent passing the 
exciting coil 71 at the detected position is changed se- 
quentially reversely. The exciting coil 71 generates a 
thrust force in accordance with the Fleming's left-hand 
rule through the relative reaction between the exciting 5 
coils 71 and the magnets 72. 
[0078] In the case where such linear D.C. motor is uti- 
lized, two sets of linear motors 51 and 52 are disposed 
in the back-to-back arrangement, and in an arrange- 
ment that a distance between the adjacent secondary io 
side magnets 72. 72 is short, there causes a fear that 
an altemating magnetk: field is caused between the 
magnets 72 and 72, which may cause a defective oper- 
ation. Accordingly, in the case where two sets of the lin- 
ear motors 51 and 52 are used in the back-to-back ar- is 
rangement, the linear induction motor 53 and the linear 
pulse motor 57, whch do not utilize the secondary side 
magnets 72, couki be effectively utilized. However, in an 
arrangement in whk^h a relatively large distance could 
be maintained on the secondary side, no adverse effect 20 
is not caused between the magnets 72 and 72, so that 
the linear D.C. motor 70 may be utilized. 
[0079] The drive system incorporated with the linear 
motors 51 and 52 of the structures mentioned above wilt 
operate in the following manner. 25 
[0080] When the current is applied to the movable 
pieces i and I* of the first and second linear motors 51 
and 52, suctk>n (attracting) force acts between the mov- 
able pieces i and i' and the stationary pieces O and O' 
to thereby move the inner rail 8 with respect to the outer so 
rail 7 by a predetennined distance in the longitudinal di- 
rection thereof. In this case, the movable piece i of the 
first linear motor 51 moves fonvard with respect to the 
stationary piece O. However, with the second linear mo- 
tor 52, a cunnent is applied to the movable piece in a 3s 
backward movement directbn with respect to the sta- 
ttonary piece O* because of the movement of the sta- 
tk)nary piece Cf, and as a reactk>n motion thereto, the 
stationary piece O' is moved forward. Hence, the Inner 
rail 8 Is slid with respect to the outer rail 7, and therefore, 40 
the entire structure of the drive system Is expanded and 
contracted. 

[0081] In the structure utilizing the linear motors 51 
and 52 as driving source, it is not necessary to utilize a 
bail screw or like, and hence, the inner rail can be moved ^ 
at high speed with less noise. Furthermore, there is no 
need for locating a space for a rotEuy motor or like, thus 
making the drive system thin and compact in Its struc- 
ture. Still furthemnore, since the two sets of linear motors 
51 and 52 are arranged between the inner rail 8 and the so 
outer rail 7, two times of the thrust force Is obtainable 
and the excitatron of the linear motors 51 and 52 is av- 
eraged, thus making smooth the movement of the inner 
rail 7. 

[0082] Stiilfurthennore.themovablepieceiofthefirst ss 
linear nrwtor 51 is mounted to a portton near the outer 
rail side rolling member drculatkm passage 14 and the 
movable piece i' of the second linear motor 52 is mount- 



ed to a portion near the inner rail side rolling menober 
circulation passage 16, the points on whk:h the thrust 
force is applied are always positioned at portions near 
the the outer rait side rotting member circulation pas- 
sage 1 4 and the inner rail side rolling member circulation 
passage 1 6 irrespective of the stroke of the inner rail 8. 
The inner rail 8 is supported by the outer rail 7 at the 
positions of the inner rail side rolling member circulation 
passage 16 and the outer rail side rolling member cir- 
culation passage 14. Accordingly, even if a moment 
causing pitching or yawing acts on the Inner rait 8, the 
thrust force can be stably generated for the inner rail 8. 
[0083] FIG. 19 represents a drive system according 
to a further embodiment of the present invention. The 
drive system of this embodiment is incorporated with 
two sets of rod-type linear motors as first and second 
linear motors 51 and 52. This drive system is also com- 
posed of, like the drive system mentioned hereinbefore, 
an outer rail 7, an inner rail 8 supported by the outer rail 
7 to be slidabte in the longitudinal direc^on thereof and 
first and second linear motors 51 and 52 disposed be- 
tween the outer rail 7 and the inner rail 8 both having 
box-shaped sections so that the inner rail 8 is fitted into 
the outer rail 8. First and second rod-type linear motors 
are composed of rods O and O' as stationary pieces and 
cylindrical coils i and i' as movable pieces. 
|P084] The cylindrical coil I of the first rod-type linear 
motor 51 is mounted to the front end portfon of the outer 
rail 7 and, to this front end portion, is also mounted an 
outer rail side bearer 75 supporting the rod O* of the sec- 
ond rod^ype linear motor to be slidable in an axial di- 
rection thereof. On the other hand, the cylindrical coil i 
of the second rod-type linear motor 52 is mounted to the 
rear end portion of the inner rail 8 and, to this rear end 
portion, is also mounted an inner rail side t>earer 76 sup- 
porting the rod O of the first rod-type linear motor to be 
slidable in an axial direction thereof. The operation the- 
ory due to this arrangement is substantially the same as 
that of the drive system of the emt)odiment mentbned 
hereinbefore, and by operating the first and second rod- 
type linear nrtotors 51 and 52, the distance between the 
outer rail side bearer 75 and the inner rail side bearer 
76 are expanded or contracted, thus the inner rail 8 be- 
ing slid with respect to the outer rail 7. As mentioned 
at)Ove, the rod-type linear motors are also usable as lin- 
ear motors for the drive system of the present invention. 
[0085] Description will be come back to the rolling 
guide devk» hereunder. 

[0086] FIG. 20 is a partial sectional view of a drive sys- 
tem using a rolling guide device of a further embodiment 
of the present invention. The rolling guide device of this 
embodiment comprises, like the rolling gukie devk» 
shown in FIGs. 1 to 3, an outer rail 7 as track rail and 
an inner rait 8 as movable rail supported to be sikiable 
in the tongitudinal direction of the outer rail 7, and hence, 
like reference numerals are added to elements or mem- 
bers corresponding to those shown in FIGs. 1 to 3. The 
emtxKliment of FIG. 20 is provided with a ball screw 9 
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for driving the inner rail 8. 

[0087] In the rolling guide device of the aforemen- 
tioned embodiment, although the outer rail 7 and the In- 
ner rail 8 are formed with single ball rolling groove to 
each side portion thereof, in the rolling guide device of 5 
this embodiment, the outer rail 7 and the inner rail 8 are 
formed with two ball rolling grooves 11, 11 (totally four 
grooves) to each side portion thereof as shown in FIG. 
20 in section. That Is, in the rolling guide device of this 
emtx>diment, upper and lower two ball rolling grooves io 
1 1 , 11 are f onrned respectively to each of the Inside sur- 
faces of the opposing ridges 7b, 7b of the outer rail 7, i. 
e. four ball rolling grooves 11,11 for the outer rail 7. On 
the other hand, upper and lower two loaded bail rolling 
grooves 15, 15 are fonrted respectively to each of the is 
outside surfaces of the opposing ridges 8b. 8b of the 
inner rail 8, i.e. four loaded ball rolling grooves 15, 15 
for the inner rail 8 so as to oppose to the ball rolling 
grooves 11,11 of the outer rail 7, respectively. 
[0088] An outer rail side ball circulation passage 14 20 
for circulating the balls rolling between the Inner rail 8 
and the outer rail 7 is provided to one end side in the 
longitudinal direction of the outer rail 7 as like as that of 
the rolling guide device mentioned hereinbefore. This 
outer rail side ball circulation passage 14 is composed 25 
of upper and lower two passages, and more concretely, 
Is composed of portions of the ball rolling grooves 11 , 
11 , k>all retum passages A, A as rolling member return 
passages sut>stantially parallel to the ball rolling 
grooves 11,11 and a pair of rolling direction changing 30 
passages conrvnunicated with the ball rolling grooves 
11, 11 and the ball return passages A, A. 
[0089] An inner rail side ball circulation passage 16 
for circulating the balls rolling between the inner rail 8 
and the outer rail 7 is provided to one end side in the 3s 
longitudinal direction of the outer rail 7 on the side op- 
posing to the outer rait side ball circulation passage 14. 
This inner rail side ball circulation passage 16 is com- 
posed of upper and lower two passages, and more con- 
cretely. is composed of portions of the loaded ball rolling ^ 
grooves 15, 15, ball return passages A, A as rolling 
member retum passages sut3stantia]ly parallel to the 
loaded ball rolling grooves 15, 15 and a pair of rolling 
direc^on changing passages communicated with the 
t>ali rolling grooves 11,11 and the ball retum passages ^ 
A, A. 

[0090] In the illustration of FIG. 20, although it seems 
that the outer rail side ball circulation passage 14 and 
the inner rail side ball circulation passage 16 are posi- 
tioned on the sanie sectional surface, in an actual ar- so 
rangement, the outer rail side bait circulation passage 
1 4 and the inner rail skie k>all circulation passage 1 6 are 
shifted in their positions as shown in RG. 1 . 
[0091] The roiling directbn changing passages, each 
having a semi-drcular shape, constituting portions of ss 
the outer rail skte ball circulation passage 14 and the 
inner rail skle baW circulation passage 1 6 are f omied to 
deflectors 79 mounted, as independent memt>ers, to the 



inner rail body 8d and the outer rail body 7d. The deflec- 
tor 79 is utilized commonly for the outer rail side ball 
circulation passage 14 and the inner rail side ball circu- 
lation passage 1 6 and is provided with vertical two roll- 
ing direction changing passages. The deflector 79 is 
composed of three sections 79a, 79b and 79c whrch are 
splittable vertically along the rolling direction changing 
passage for easy formation of the vertical two tolling di- 
rection changing passages. These three splittable sec- 
tions 79a, 79b and 79c are divided vertically at planes 
Including central lines of the rolling direction changing 
passages. These three sections 79a, 79b and 79c are 
positioned and assembled with each other through fit- 
ting of dowels and holes formed to the respective sec- 
tions. Furthermore, the deflector 79 Is fomned with a 
stepped abutment portion 29 to position the deflector 79 
at the time when It is mounted to the Inner rail side ball 
circulation passage 1 6 and the outer rail side ball circu- 
lation passage 14. Holes 33 are fomied to the outer rail 
body 7d and the inner rail body 8d from the sides thereof, 
and stepped portions 33a are fonned to inside surfaces 
of these holes 33. Accordingly, the deflector 79 is posi- 
tioned with respect to the outer rail body 7d and the Inner 
rail body 8d through the abutment of the stepped abut- 
ment portion 29 against the stepped portions 33a 
formed to the holes 33, i.e. outer rail body 7d and the 
Inner rail body 8d. 

[0092] The ball screw 9 is screw-engaged with the in- 
ner rail 8. This ball screw 9 is composed of a screw shaft 
1 0 having an outer periphery on which a spiral ball rolling 
groove is formed, a nut (member) 22 having an inner 
periphery to which a ball circulation passage including 
a spiral loaded ball rolling groove corresponding to the 
ball rolling groove fonned to the screw shaft 1 0 and as- 
sembled with the screw shaft 1 0 to be relatively movable 
thereto, and a numt>er of balls arranged in the t>all cir- 
culation passage and circulating in accordance with the 
relative movement of the n ut menr^er 22 with respect to 
the screw shaft 10. 

[0093] FIG. 21 illustrates a contacting state of the k>all 
rolling groove 11 , the loaded bail rolling groove 15 and 
the ball 1 2 or 13. The ball rolling groove 11 is formed as 
a single circular groove, so-called, circular arc groove, 
having a diameter sKghtiy larger than a diameter of the 
ball so tiiat ttie ball 12 (13) contacts the ball rolling 
groovell at one point PI. On the other hand, the loaded 
ball rolling groove 15 is formed as a single circular 
groove, so-called, drcular arc groove, having a diameter 
slightly larger than a diameter of the ball so that the ball 
12(13) contacts the loaded ball rolling groove 1 5 at one 
point P2. Further, it is to be noted that a line L connecting 
tile contact point PI at wh'ch the ball 12 (13) and the 
ball rolling groove 1 1 are contacted and the cont^ point 
P2 at whch tiie ball 12 (13) and the loaded ball rolling 
groove 11 are contacted is defined herein as contu^t an- 
gle line L In this meaning, ttie contact angle lines LI , 
L2, L3 and L4 will be defined as shown in FIG. 20. 
[0094] That is, with r^erence to FIG. 20, the mutually 
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opposing two ball rolling grooves 11, 11 and the two 
loaded ball rolling grooves 15, 15 are offset from each 
otherso that the vertical two lines LI and 1.2 are inclined 
towards the horizontal line H passing the center of the 
screw shaft 1 0 while reducing a distance therebetween. 
[0095] Further, it is desired that a contact angle con- 
stituted by the contact angle line LI (L2) and the hori- 
zontal line H is approximately 45o. The center of the 
screw shaft 10 is positioned on the line passing the in- 
tennediate portion between the ball rolling grooves 11 , 
11 and on the central line of a span of the loaded ball 
rolling grooves 15, 15. Furthemiore, it is desired that the 
center of the screw shaft 1 0 (center of the thrust force 
of the ball screw 9) is also positioned on a line connect- 
ing a point P3 of the left side contact angle lines LI and 
L2 and a point P4 of the right side contact angle lines 
LI and L2. 

[0096] The moment load as shown in FIG. 8 will be 
easily loaded on the rolling guide device of the present 
invention, and accordingly, the vertical load will be also 
easily bom by the balls 12 and 13. However, the contact 
angle lines LI and L2 between the balls 12, 13 and the 
ball rolling grooves 11,11 and between the balls 12, 13 
and the loaded ball rolling grooves 15, 15 are inclined 
with respect to the horizontal line H, thus the vertical 
load acting on the inner rail 7 being effectively bom by 
the balls 12, 13. For this reason, the moment load as 
shown in FIG. 8 can be surely loaded. Particulariy, by 
setting the inclination angle to 45o, loads acting on the 
inner rail 7 from vertical and lateral four directions can 
be effecthrely supported by the balls 12 or 13. Further- 
more, the ball screw 9 may be smoothly operated by 
positioning the center of the thrust force of the ball screw 
9 on the line connec^ng the crossing point P3 of the left 
side contact angle lines LI and and the crossing point 
P4 on the right side contact angle lines LI and L2. 
[0097] FIG. 22 illustrates a contacting state of a ball 
rolling groove lib, a loaded ball rolling groove 15b and 
the ball 12 (13) in a rolling guide device in which one 
ball rolling groove lib and one loaded ball rolling groove 
15b are formed laterally as like as the rolling guide de- 
vice shown in FIGs. 1 and 3. The ball rolling groove lib 
and the loaded ball rolling groove 15b are each formed 
as a Gothic arch groove. That is, by fomiing so-called 
Gothic arch groove in comblnatton of the ball rolling 
groove lib and the loaded ball rolling groove 15b into 
two circular arcs, two contact angle lines L3 and L4 in- 
clined from the horizontal line H can be obtained to 
theret>y effectively support the vertical load by the ball 
12, 13. 

[0098] FIG. 23 Is an illustration of one embodiment, 
partially in section, of an essential portion of a drive sys- 
tem utilizing a rolling guide device using rollers 80 as 
rolling merr^rs. In this embodiment, the rollers 80 are 
utilized in place of the balls 1 2, 1 3 in the former emtK>d- 
iments. In this embodiment of FIG. 23, the outer rail 7 is 
provided with ridges 7b, 7b as mentioned before having 
opposing inside surfaces 7c, 7c to which roller rolling 



grooves 81 , each having a V-shaped section with open- 
ing angle of 90*, are formed, respectively. On the other 
hand, the inner rail 8 has the opposing outside surfaces 
8c, 8c to which loaded roller rolling grooves 82, each 

5 having a V-shaped section witti opening angle of 90* , 
are formed, respectively. Therefore, a roller rolling pas- 
sage having sutistantially square cross section is de- 
fined between the roller rolling groove 81 and the loaded 
roller rolling groove 82. Within this roller rolling passage, 

10 a plurality of rollers 80, 80, — are arranged in shape of 
cross (cross arrangement) so that axes of the adjacent 
two rollers 80 cross each other. 
[0099] The stmcture of this embodiment other than 
the above mentioned structure is substantially the same 

'5 as that of the rolling guide device mentioned with refer- 
ence to FIGs. 1 to 3, so that the description thereof is 
omitted herein by adding the same reference numerals 
to the corresponding portions or elements. 
[0100] According to this embodiment. In which the 

20' rollers 80, 80, — are arranged in crossing shape, the 
rollers 80 can effectively support the vertical load. 
[OlOt] FIG. 24 is an illustration of another embodi- 
ment, partially In section, of an essential portion of a 
drive system utilizing a rolling guide device using rollers 

25 83, 84 as rolling members. In this embodiment, the outer 
rail 7 is provided with ridges 7b, 7b having opposing in- 
side surfaces 7c, 7c each to which vertical two roller roll- 
ing grooves 81 , 81 each having a V-shaped section with 
opening angle of 90*, are formed, respectively. On the 

30 other hand, the inner rail 8 has the opposing outside sur- 
faces 8c, 8c each to which two loaded roller rolling 
grooves 82, 82 each having a V-shaped section with 
opening angle of 90*, are fomied, respectively. There- 
fore, vertical two roller rolling passages each having 

35 substantially.square cross section are defined between 
the roller rolling grooves 81, 81 and ttie loaded roller 
rolling grooves 82, 82. Within these roller rolling passag- 
es, a plurality of rollers 83, 84 are arranged in parallel 
to each other (parallel arrangement) so that axes of the 

40 adjacent two rollers are parallel to each other. 

[0102] The rollers 83 disposed In the upper side roller 
rolling passage are arranged so as to support the load 
acting in the direction shown by the line L5 (different 
from the horizontal line H). and on the other hand, the 

45 rollers 84 disposed in the lower side roller rolling pas- 
sage are arranged so as to support the load acting in 
the direction shown by the line L6 (different from the hor- 
izontal line H). Angles constituted by the line L5 and the 
horizontal line H and by the line L6 and the horizontal 

50 line H are defined approximately 45o, respectively. The 
structure of this embodiment of FIG. 24 other than the 
£it>ove-mentioned structure is sut)stantialty the same as 
that of the rolling guide device mentioned with reference 
to FIG. 20 so that the description thereof omitted here- 

55 in by adding the same reference numerals to the corre- 
sponding portions or elements. 
[0103] According to this embodiment of RG. 24, in 
which the rollers 83 and 84 are arranged in the vertical 
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two roller rolling passages and the directions along 
which the rollers 83 and 84 can bear the loads are in- 
clined with respect to the horizontal line H, so that the 
rollers 83 and 84 can effectively support the vertical 
loads. 5 
[0104] According to the various preferred embodi- 
ments or examples of the present invention mentioned 
above, the track rail side rolling member circulation pas- 
sage and the nrravable rail side rolling member circula- 2. 
tion passage, in which the rolling members rolling be- io 
tween the track rail and the movable rail circulate, are 
fomied to the track rail and the movable rail, respective- 
ly. Therefore, when the movable rail Is slid with respect 
to the track rail, the rolling members arranged between 
the track rail and the movable rail endlessly circulate in is 
the track rail side rolling member circulation passage 
and the movable rail skJe rolling member circulation pas- 3. 
sage while rolling therealong. As mentioned, since the 
rolling members circulate in the endless manner, even 
if the rolling member be slid during the rolling motion, 20- 
there is no causing of a case that a cage is shifted from 
the initial position as in the conventional structure, and 
hence, a large expansion (contraction) stroke can be re- 
alized. Furthenmore, in an optional expanded (contract- 
ed) attitude, there remains a relatively large distance be- 25 
tween the track rail side rolling member circulation pas- 
sage and the nnovable rail side rolling mennber ctrcuta- 
tion passage, so that a rolling guide devk^e, whk:h can 4. 
bear even the moment load, can be realized. 
[0105] Furthermore, according to the present inven- so 
tk)n, since the linear motor means is incorporated be- 
tween the track rail and the movable rail, no specific ball 
screw or like mechanism is needed, so that the movable 
rail can be moved at high speed with reduced noise. 
[01 06] It is further to be noted that the present inven- 35 
tion is not limited to the described embodiments and 
many other changes and modrfk»tions may be made 
without departing from the scopes of the appended 
damns. 



Claims 

1 . A rolling guide devce comprising: 

45 

a track rail formed with a rolling niember rolling 
surface extending along a tongitudinal direction 
thereof; 

a movable rail fonned with a loaded rolling 
memt>er rolling surface extending along a Ion- so 5. 
gitudinal direction thereof so as to oppose to 
the rolling memk>er rolling surface of the track 

rail; 

a track rail side rolling member circulation pas- 
sage formed to the track rail so as to circulate ss 6. 
the rolling members rolling between the track 
rail and the nnovabte rail; 
a movable rail side rolling memt>er circulation 



passage formed to the movable rail so as to cir- 
culate the rolling members rolling between the 
track rail and the movable rail; and 
a number of rolling members disposed and ar- 
ranged in the track rait side roiling member cir- 
culation passage and the movable rail side roll- 
ing member circulation passage. 

A rolling guide device according to claim 1 , wherein 
said track rail side rolling member circulation pas- 
sage is formed to one longitudinal end side of the 
track rail and said movable rail side rolling member 
circulation passage is fomned to one longitudinal 
end side, opposing to said one end side of the track 
rail, of the movable rail. 

A rolling guide device according to claim 1 or 2, 
wherein said track rail has an opened recess having 
a 3- shaped section and has inside surfaces to 
whieh said rolling member rolling surfaces are 
formed, said movable rail is fitted into the recess of 
the track rail, and saki movable rail has outside sur- 
faces to which the loaded rolling member rolling sur- 
faces Eire fomned so as to oppose to the rolling 
member rolling surfaces formed to the track rail in- 
side surfaces. 

A rolling guide device according to claim 3, wherein 
said tTEK^k rail side rolling member circulation pas- 
sage is provided with a rolling memt)er retum pas- 
sage sut)stantially parallel to said rolling mennber 
rolling surface and a rolling direction changing pas- 
sage communicating the rolling member rolling sur- 
face and the rolling member retum passage, said 
movable rail side rolling member circulation pas- 
sage is provided with a rolling member return pasr 
sage substantially parallel to said toacted rolling 
member rolling surface and a rolling dlrectk>n 
changing passage communk^ating the rolling menrv- 
ber rolling surface and the rolling member retum 
passage, said rolling direction changing passages 
of the track rail side rolling member circulation pas- 
sage and the movable rail side rolling member cir- 
culation passage are formed to a deflector whch is 
formed independently from a track rail body and a 
movable rail body, and said deflector is fitted to 
holes fomied to the track rail body and movable rail 
body from skle portions thereof . 

A rolling guide device according to daim 4, wherein 
said retum passages are drilled to the track rail body 
and the movable rail body from tongitudinal end por- 
tions thereof. 

A rolling guide devk» according to daim 4 or 5, 
wherein said detector is composed of a plurality of 
sections splittable along the rolling direction chang- 
ing passages. 
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7. A rolling guide device according to any one of 
claims 4 to 6, wherein said deflector is made of a 
synthetic resin. 

8. A drive system comprising: 5 

a track rail fomied with a roiling member rolling 
surface extending along a longitudinal direction 
thereof; 

a movable rail fomied with a loaded rolling io 
member rolling surface extending along a lon- 
gitudinal direction thereof so as to oppose to 
the rolling member rolling surface of the track 

rail; 

a track rail side rolling member circulation pas- is 
sage formed to the track rail so as to circulate 
the rolling members rolling between the track 
rail and the movable rail; 
a movable rail side rolling memlDer circulation 
passage formed to the movable rail so as to ctr- ' 20 
culate the rolling mennbers rolling between the 
track rail and the movable rail; 
a number of rolling members disposed and ar- 
ranged in the track rail side rolling member dr- 
culation passage and the movable rail side roll- 2s 
ing member circulation passage; and 
a linear motor means having a primary side 
mounted to either one of the track rail and the 
movable rail and a secondary side mounted to 
another one of the track rail and the movable 30 
rail 



11. A drive system according to claim 9, wherein said 
first and second linear motors are linear pulse mo- 
tors having secondary sides being opposed to each 
other. 

12. A drive system according to any one of clainns 8 to 
11, wherein said track rail has an opened recess 
having a shaped section and has inside surfaces 
to whch said rolling member rolling surfaces are 
formed, said movable rail is fitted into the recess of 
the track rail , and said movable rail has outside sur- 
faces to which the loaded rolling member rolling sur- 
faces are fomied so as to oppose to the rolling 
member rolling surfaces formed to the track rail in- 
side surfaces. 



9. A drive system according to claim 8, wherein said 
track rail side roiling member circulation passage is 
formed to one k>ngitudinal end side of the track rail 3s 
and sakJ movable rail skJe rolling member drcula- 
tH>n passage is formed to one longitudinal end side, 
opposing to said one end side of the track rail, of 
the movable rail, and said linear motor means conr>- 
prises first and second linear motors, sakJ first linear ^ 
motor having a primary side mounted to a portion 
near the track rail side rolling member circulation 
passage of the track rail, saki secofui linear nrtotor 
having a secondary side mounted to the track rail 
along the longitudinal directron thereof so as to be ^ 
continuous to the primary side of the first linear mo- 
tor, and said second linear motor having a primary 
side mounted to a portion near the movable rail side 
rolling memt)er drculatk>n passage of the movable 
rail, said first linear motor having a secondary side so 
mounted to the movable rail along the longitudinal 
direction thereof so as to k)e continuous to the pri- 
mary skle of the second linear mctor. 



10. A drive system according to claim 9, wherein sakl ss 
first and second linear motors are linear induction 
motors having secondary skies being opposed to 
each other. 
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FIG. 5 
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FIG. 6 




20 



EP1 134444 A2 




21 



EP1 134444 A2 



FIG. 8 
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FIG. 12 
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ABSTRACT: 

CHG DATE=20011002 STATUS=0> A rolling guide device comprises: a track rail 
formed with a rolling member rolling surface extending along a longitudinal 
direction thereof; a movable rail formed with a loaded rolling member rolling 
surface extending along a longitudinal direction thereof so as to oppose to the 
rolling member rolling surface of the track rail; a track rail side rolling 
member circulation passage formed to the track rail so as to circulate the 
rolling members rolling between the track rail and the movable rail; a movable 
rail side rolling member circulation passage formed to the movable rail so as 
to circulate the rolling members rolling between the track rail and the movable 
rail; and a number of rolling members disposed and arranged in the track rail 
side rolling member circulation passage and the movable rail side rolling 
member circulation passage. A drive system comprises such rolling guide device 
and linear motors having a primary side mounted to either one of the track rail 
and the movable rail and a secondary side mounted to another one of the track 
rail and the movable rail. <IMAGE> 
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